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LEAF-pIERCINg TEChNIqUES AS AppLIEd TO 
ThE SEAgRASS SyringodiuM filiforMe
Joseph l. Kowalski, Hudson r. deyoe, 
Christian P. Krull, and Terry C. Allison 
ABSTRACT
Leaf elongation rates of the seagrass Syringodium filiforme (Kütz., 1860) were 
assessed at two sites in a subtropical lagoon of Texas on eleven occasions from 
January 1996 to April 1997 using two methods, clipping and leaf piercing (marking) 
to estimate leaf growth. pierced shoots grew at a significantly faster rate than 
clipped shoots irrespective of site. Clipping underestimated leaf elongation by 
30%–38%, although differences at individual sites were as high as 69%–72%. 
Underestimation of leaf growth rate derived by clipping could be corrected using 
a site-specific linear regression relationship between leaf growth rates determined 
by clipping and piercing methods. The percent difference in overall leaf growth rate 
during the 14-mo study was 55% (4.47 mm d–1 pierced vs 2.44 mm d–1 clipped leaves). 
Fastest growth occurred during summer with rates of pierced leaves ranging from 8 
to 11 mm d–1, which was generally two to three times that of clipped leaves. highest 
leaf growth rates for clipped leaves never exceeded 4 mm d–1, regardless of site. We 
suggest that use of the leaf-clipping method in S. filiforme is appropriate when leaf 
growth rates are to be compared among sites or treatments and when true growth 
rate values are not critical.
Leaf clipping is a technique commonly utilized by terrestrial ecologists to deter-
mine the effects of competition (Wallace, 1990), nutrient availability (Knops and Re-
inhart, 2000; Sardans et al., 2006; gao et al., 2008), grazing (Owensby et al., 1974; 
Leriche et al., 2003), and physiological integration of ramets and genets at the popu-
lation level (Westoby, 1980). Leaf clipping has been used to study seagrasses since 
at least 1974 (greenway, 1974) and is a useful tool for assessment of leaf production 
ecology (Virnstein, 1982; Morgan and Kitting, 1984; dunton, 1990; Kowalski et al., 
2001; Kaldy, 2006; Shafer et al., 2008). Other seagrass studies have utilized the clip-
ping method to examine the effects of simulated herbivory on faunal components 
(Cebrián et al., 1998; Kuiper-Linley et al., 2007; Vergés et al., 2008), competition 
(Williams, 1987), and mobilization of resources along the rhizomes between physio-
logically integrated short shoots (dawes and Lawrence, 1979; dawes and guiry, 1992; 
Schwarzschild and Zieman, 2008a). 
Studies comparing productivity estimation methods (clipping vs piercing) have fo-
cused on Halodule wrightii Aschers. (shoal grass), a species that possesses flat, but 
narrow leaves (ca. 1 mm) (Tomasko and dunton, 1995; hauxwell et al., 2001; Kowal-
ski et al., 2001) but the method comparison has also been applied to Zostera spp. and 
Thalassia spp. (Zieman, 1974; Sand-Jensen, 1975). These studies demonstrated that 
leaf production is underestimated by clipping from 15 to 100% (dependent on sea-
son and location) compared to pierced leaves (hauxwell et al., 2001; Kowalski et al., 
2001). Reasons for the underestimation may be a result of singular or synergistic ef-
fects of wounding, interfering with physiological function, removal of photosynthet-
ic tissue reducing carbon acquisition and/or insufficient stored resources (Tomasko 
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and dunton, 1995; hauxwell et al., 2001; Kowalski et al., 2001). Another method 
of measuring production is to tag or mark rhizomes (Kenworthy et al., 1989; Short 
and duarte, 2001). Rhizome tagging involves finding the rhizome apical meristem 
and subtending shoots, placing a tag (or mark) on the rhizome and measuring the 
dry weight increase of rhizome, roots, and associated short shoots and leaves after 
an appropriate period of time (Kenworthy et al., 1989; dennison, 1990; Short et al., 
1993; Kaldy and dunton, 2000). Rhizome tagging provides an alternate estimate of 
shoot or whole plant production, but is dependent on sufficient underwater visibility 
and fine manipulations of the plant. Lastly, the reconstruction (indirect) technique 
utilizes detailed knowledge of the growth pattern of a given species (duarte et al., 
1994; Short and duarte, 2001). This method is suggested as a useful tool to estimate 
past leaf production and to apply past rates to estimate present rates; however, this 
method has been criticized as misrepresenting true leaf production history (Jensen 
et al., 1996; Kaldy et al., 1999). 
despite chronic underestimation, some researchers have resorted to use of the 
leaf-clipping method for estimates of leaf production rates in H. wrightii and Zostera 
japonica Aschers. and graeb. because narrow leaves combined with sub-optimal wa-
ter clarity make leaf piercing, reconstruction methods, or rhizome marking unten-
able (Kowalski et al., 2001; Kaldy et al., 2004; Kaldy, 2006). In addition to H. wrightii 
and Z. japonica, which are difficult to mark, there are two species of Syringodium, 
which bear cylindrical, rather than flat leaves common to most seagrasses (phillips 
and Meñez, 1988). Syringodium isoetifolium (Aschers.) dandy occurs in Indo-pacific 
waters, while Syringodium filiforme (Kütz.) (manatee grass) is widely found in tropi-
cal and subtropical coastal waters of the North Atlantic Ocean, gulf of Mexico, and 
Caribbean Sea (phillips and Meñez, 1988). The leaves of these plants have been de-
scribed as “inflexible” and “brittle” (Fry, 1983; Fry and Virnstein, 1988; Aioi and pol-
lard, 1993; Cruz-palacios and van Tussenbroek, 2005). The brittleness of these leaves 
has led to difficulty in accurately estimating shoot production using the leaf-piercing 
technique. Typically, the mark causes mechanical weakness in the leaf and breakage 
with loss of leaf material above the mark (Fry, 1983; Aioi and pollard, 1993). 
Clipping and piercing of S. filiforme leaves to obtain shoot production estimates 
was employed by Fry and Virnstein (1988), but no comparison was made between the 
two methods. Recently, Schwarzschild et al. (2008) developed the emergent leaf (EL) 
method based on measuring the oldest intact leaf on a short shoot that develops in 
a known time interval to estimate leaf growth in S. filiforme. They compared the EL 
method to the repeated measures method (Fry, 1983) and the reconstruction meth-
od (Short and duarte, 2001). They found their new method was comparable to the 
traditional leaf-piercing method used in studies of flat, strap-like leaves (dennison, 
1990; Short et al., 1993; Kaldy and dunton, 2000; Kowalski et al., 2001). We know of 
no study that simultaneously examines the efficacy of leaf-clipping and leaf-piercing 
methods in S. filiforme. We conducted a 14-mo study to examine leaf production 
rates at two sites in the Lower Laguna Madre of Texas (LLM) utilizing leaf-piercing 
and leaf-clipping methods to determine which method produces higher leaf growth 
rates and assessed the degree of difference between the two methods at the two sites. 
This study was made to complement an examination of the autecology of S. filiforme 
from the same sites in LLM (unpubl. data).
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Methods and Materials
Study Sites
The study was carried out in the LLM at two sites (Site 103 and Site C) of comparable depth 
(ca. 1.2 m) (Fig. 1) and tidal influence, but which differed in fetch, current speed, underwater 
photosynthetically active radiation (pAR), and proximity to the gulf Intracoastal Waterway 
(gIWW), a dredged navigation channel. Site 103 was located approximately 11 km north of 
the Brazos-Santiago pass, a modified natural pass connecting the LLM to the gulf of Mexico, 
at (26°9.09´N by 97°14.37´W) and was comprised of a monotypic stand of S. filiforme, approxi-
mately 500 m west of the gIWW. Site 103 was exposed to an 8 km fetch from the southeast 
(Fig. 1) that occasionally produced high waves and caused water levels to fluctuate between 
0.9–1.3 m (mean = 1.2 m) at the study site. Sediments at site 103 were dredged material from 
the gIWW and estimated to be approximately 25 yrs old. Mean grain size distribution at Site 
103 was 8% rubble, 67% sand, 13% silt, and 12% clay. Site C was 11 km north of the Brazos-
Santiago pass at (26°9.11́ N by 97°11.72´W) and 6 km east of Site 103 at 1.2 m depth (Fig. 1). 
Mean grain size distribution at Site C was 11% rubble, 64% sand, 10% silt, and 15% clay. This 
site has never been dredged. Astronomical tides seldom exceed 20 cm in the LLM (hedge-
peth, 1947). Current speed and direction for the LLM was obtained from channel dredging 
studies (Militello and Kraus, 1994; Brown and Kraus, 1997). These studies indicate current 
speed in deep water (1.7 m) in the vicinity of Site 103 was typically < 10 cm s–1 most of the 
year (84%). Current speed at Site C was not directly monitored, but modeled values indicate 
a current speed well below 10 cm s–1 during flood tide (Militello and Kraus, 1994; Brown and 
Figure 1. Map of study sites in Lower Laguna Madre, Texas.
BULLETIN OF MARINE SCIENCE, VOL. 85, NO. 2, 2009162
Kraus, 1997). Underwater pAR was about 40 moles photons m–2 d–1 at both sites during sum-
mer, but fall and winter values differed (5 moles photons m–2 d–1 at Site 103 and 7 to 8 moles 
photons m–2 d–1 at Site C). Annual pAR from Site 103 was 6300 mol photons m–2 yr–1 and 7000 
mol photons m–2 yr–1 from Site C. Although wind events can occlude the water column with 
suspended sediment during the passage of cold fronts (northers), sufficient pAR is typically 
restored within a few days (Onuf, 1994; Kowalski et al., 2009). Wind velocities for both sites 
were generally 6–12 m s–1 for most of the year (Brown and Kraus, 1997) and surface water 
temperatures varied seasonally between 8 (for brief periods) and 30 °C while surface salinity 
varied between 24 and 40. 
Experimental design
leaf Clipping vs leaf Piercing.—In eleven trials performed between March 1996 and April 
1997, leaf growth rates based on leaf clipping and leaf piercing were compared following the 
techniques of Kowalski et al. (2001). Trials were conducted in uniformly dense stands of S. 
filiforme at each site. Annual mean shoot density is approximately 2600 shoots m–2 for Site 
103 and 4600 shoots m–2 for Site C. For each trial, shoots were clipped 2 cm above the sedi-
ment in one 50 × 50 cm quadrat at each site. The 2 cm clip height was selected because it 
allows for a longer regrowth period, minimizes the likelihood of diminished growth rates 
associated with senescing leaves accompanied by longer clip heights (Fry, 1983; Kowalski et 
al., 2001), and is near the clip height used by Fry and Virnstein (1988). The shoot meristem of 
S. filiforme is typically located at the shoot to leaf transition zone typically at or just below the 
sediment surface when sediment is stable (pers. obs.). Areas chosen for clipping were selected 
haphazardly, except for the appearance of uniform grass cover. Just after clipping, one 9 cm 
diameter core (0.006 m2 core–1; 15 cm in depth) was taken in each quadrat near the periphery 
for determination of average clip height and clipped shoot stubble was measured to the near-
est mm. post-clip growth periods varied between 14 (summer) and 28 d (winter). After the 
growth period, four 9 cm diameter cores were harvested from the middle of each quadrat to 
reduce the likelihood of edge effects. Edge effect here is defined as the ability of neighboring 
shoots to supplement re-growth of clipped shoots (sensu Schwarzschild and Zieman, 2008,b). 
The five 9 cm cores taken per quadrat sampled approximately 13% of a quadrat. Subsequent 
clipping trials were conducted as described above using 50 × 50 cm quadrats at least 2 m from 
previously clipped areas. 
For the leaf-piercing technique, the bundle sheaths of 30 haphazardly chosen shoots were 
selected at least 2 m outside of the clipped quadrat and pierced just below the bundle sheath, 
above the basal meristem, with a 28-gauge hypodermic needle (< 0.5 mm diameter). The base 
of each pierced shoot was tagged with a ring of tubing to relocate pierced shoots. On the 
same day clipped plots were harvested, pierced shoots were harvested by severing shoots at 
rhizome level, sealed in plastic bags and refrigerated until analysis. In the laboratory, the 
needle mark on the leaf sheath was located and the shoot cut at that location. Leaves from 
the shoot were separated by age and the growth interval or distance between the cut surface 
and the needle mark, or in absence of a mark the leaf tip was measured to the nearest mm. 
Unmarked leaves developed sometime in the period between marking and harvesting. Leaf 
growth rates, expressed as mm d–1, were calculated by dividing the increase in leaf lengths by 
the number of days of growth. At the end of the growth period, four 9 cm cores were taken 
outside the clipped areas at least 2 m from the quadrats and at least 1 m from each other for 
estimation of shoot density and mean untreated leaf length. Untreated leaf lengths were used 
as a comparative maximum reference to ensure that re-grown clipped leaves did not reach leaf 
lengths accompanied by senescence. Samples were washed of sediment through a 1 mm sieve 
immediately upon return to the lab and stored in sealed plastic bags and refrigerated until 
processing. In the laboratory, the total number of shoots per core were counted and all leaves 
from 30 shoots per core were measured to the nearest mm. 
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Statistical design
For each trial, one 50 cm × 50 cm clipped experimental plot was used and four cores taken 
from each plot. The statistical unit was the core. The data were not normally distributed so 
non-parametric statistical analysis was used. Mean leaf growth rates of the two leaf produc-
tion techniques (pierced and clipped) were compared using Friedman’s method of random-
ized blocks with growth rate blocked against sampling date and site. The Friedman’s method 
of randomized blocks is an alternative to the repeated measures analysis of variance and al-
lows the use of sampling date (time) as a block with time as a substitution for replication 
(Sokal and Rohlf, 1995). To compare pooled leaf elongation means at each site a Mann-Whit-
ney rank sum test was used to determine the differences between the two methods with the 
eleven different trials at each site treated as replicates (Sokal and Rohlf, 1995). Kruskal-Wallis 
one-way analysis of variance on ranks was used to block sampling date against treatment (leaf 
piercing and clipping) at each site (SpSS, Inc., 1993). Regression analysis was performed using 
a least-squares fit between average growth rates determined by leaf-clipping and leaf-piercing 
methods. An alpha level of 0.05 was used for all statistical tests. 
Results
There was a clear difference between leaf elongation rates by treatment, site, and 
sampling date (Table 1). pierced shoots grew at a significantly faster rate than clipped 
shoots irrespective of site or date (Table 1). The mean growth rate for all pierced 
leaves averaged over all eleven trials and both sites during the 14-mo study was 4.47 
mm d–1 (SE = 0.191) compared to clipped plants with an overall mean of 2.44 mm 
d–1 (SE = 0.159), a 55% difference (Mann-Whitney U = 12456.0; p = < 0.001). Fastest 
growth occurred during the months of June and September 1996 at Site 103 (> 10 
mm d–1) which was generally two to three times that of clipped leaves (Fig. 2). Spring 
and summer elongations rates of both methods were significantly faster than those 
of fall and winter. Mean seawater temperatures from May to September 1996 ranged 
from 22.3 (SE = 0.03) to 30 °C (SE = 0.01) and 25.4 (SE = 0.02) to 13.67 °C (SE = 0.06), 
during October 1996 through April 1997. Salinity varied from 28.88 (SE = 0.04) to 
37.53 (SE = 0.02) during the entire study (data not shown). Fastest leaf growth rates 
for clipped leaves were never more than 4 mm d–1, regardless of site, except for July 
1996 at Site 103, while slowest clipped leaf growth rates of < 1 mm d–1 occurred dur-
ing February 1997 and were coincident with lowest seawater temperature (17 °C; SE 
= 0.03) (Fig. 2). 
Comparison of the leaf-pierce method averaged across all sampling dates by site 
revealed that elongation rates of 4.96 mm d–1 (SE = 2.62) at Site 103 were nearly 30% 
greater than those of Site C, 3.86 mm d–1 (SE = 2.60) (h = 10.393; 1 df; p = 0.001). 
The leaf-clip method average at Site 103 was 4.07 mm d–1 (SE = 2.60) including all 
sampling dates, while that for Site C was 3.54 mm d–1 (SE = 2.74), a 13% difference (h 
= 4.066; 1 df; p = 0.044). Analysis of both sites and both treatments by date showed 
a strong seasonal interaction (Table 2). Estimates of leaf growth rates for clipped and 
Table 1. Results of Friedman method for randomized blocks testing variations in leaf growth rate 
by treatment (pierced and clipped leaves) in Syringodium filiforme against sample date at Site 103 
and Site C in Lower Laguna Madre, Texas.







Leaf-pierce 239.835 2 291 2.24 1.28 2.48 < 0.001
Clip 60.022 2 92 1.95 1.47 2.59 < 0.001
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pierced shoots from both sites were consistently different, but well correlated over 
the study period. Site C showed a stronger relationship between methods than Site 
103 (Fig. 3). Untreated leaf lengths at Site 103 were longest from March to November 
(190–220 mm) and shortest during January and February (60–80 mm). Mean un-
treated leaf lengths at Site C were never more than 100 mm during any month and 
were lowest during May and June 1996. Overall means for untreated leaf lengths at 
Site 103 were 125.11 mm (SE = 2.58) and 76.85 mm (SE = 2.62) at Site C. In no in-
stance at either site did the lengths of re-grown clipped leaves equal or surpass the 
lengths of untreated leaves (data not shown). 
discussion
Leaf clipping has been used for more than 30 yrs by seagrass ecologists (greenway, 
1974) to study leaf production (Virnstein, 1982; Morgan and Kitting, 1984; Fry and 
Virnstein, 1988; dunton, 1990; Kowalski et al., 2001; Kaldy, 2006; Shafer et al., 2008), 
herbivory (Cebrián et al., 1998; Kuiper-Linley et al., 2007; Verges et al., 2008), com-
Figure 2.Seasonal comparison of leaf elongation rates in Syringodium filiforme from 11 experi-
ments from January 1996 to April 1997, Lower Laguna Madre, Texas. Error bars represent one 
standard error of the mean. 
Table 2. Results of Kruskal-Wallis analysis of variance on ranks testing variations in leaf growth 
rate by treatment (pierced and clipped leaves) in Syringodium filiforme blocked against sample 
date in Lower Laguna Madre, Texas.
Pierced leaves df Significance (P) Clipped leaves df Significance (P)
Site 103 H = 80.160 9 < 0.001 H = 32.444 9 < 0.001
Site C H = 123.852 8 < 0.001 H = 36.980 8 < 0.001
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petition (Williams, 1987), and resource mobilization (dawes and Lawrence, 1979; 
dawes and guiry, 1992; Schwarzschild and Zieman, 2008a). Leaf clipping, as used 
to estimate leaf production rates, has the inherent detrimental artifact of moder-
ate to severe underestimation of true production rates. This has been consistently 
demonstrated for seagrasses other than Syringodium in studies published since 1995 
(Tomasko and dunton, 1995; hauxwell et al., 2001; Kowalski et al., 2001). 
Our results demonstrate that use of the clipping method in S. filiforme signifi-
cantly underestimated leaf production rates from 7 to 72%, depending on season 
and site in LLM, compared to the pierce method. Similar results were found for H. 
wrightii from Texas (USA) and Mexico (hauxwell et al., 2001; Kowalski et al., 2001). 
Mean leaf elongation rates of S. filiforme from the Indian River Lagoon clipped near 
the basal meristem varied from 2 mm d–1 during November and december to 12 mm 
d–1 during July (Fry and Virnstein, 1988). These values are considerably greater than 
those found in this study. Fastest leaf elongation rate of clipped S. filiforme at Site 103 
was 8.3 mm d–1 (SE = 0.36) in August 1996 while slowest rates occurred in February 
1996 and March 1997 (1.1 mm d–1; SE = 0.07 and 0.03, respectively). We found mean 
leaf growth rates of pierced plants from Site 103 in this study ranged from 8.5 (SE = 
0.89) to 10.2 (SE = 0.53) mm d–1, considerably less than those from Florida Bay (18–19 
mm d–1; SE = 0.6 and 1.0, respectively) for the same time of year estimated by the 
emergent leaf (EL) method (July and August) (Schwartzchild et al., 2008) as well as 
Figure 3. Regression relationships between leaf production methods in Syringodium filiforme 
from 11 experiments at two sites, January 1996 to April 1997, Lower Laguna Madre, Texas. 
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for S. filiforme from the Indian River Lagoon using the repeated measures method 
(21.1 mm d–1; May and June; Fry, 1983). Syringodium filiforme growth rate differences 
between this study and Florida studies may be attributable to physiochemical differ-
ences (Koch, 2001) and/or genetic differences (Kaldy et al., 2004). Seagrass growth in 
LLM was demonstrated to be nitrogen-limited at a Thalassia testudinum Banks ex 
König site (Lee and dunton, 1999), while phosphorus limitation has been postulated 
for a H. wrightii site (Kowalski et al., 2009). 
There was a statistically significant linear relationship between leaf piercing and 
leaf clipping at both sites that allows for a determination of a correction factor for 
the degree of underestimation of the leaf-clipping method at each site. To correct for 
the extent of underestimation inherent with the clip method, it would be necessary 
to make simultaneous leaf-piercing and leaf-clipping assessments but once over one 
seasonal cycle at each site under consideration, as done with this study (Kowalski et 
al., 2001). given the presumed linear relationship between both leaf-pierce and leaf-
clip methods, annual differences in one should correspond directly to differences 
in the other. Thus, after establishment of a seasonally-based site-specific correction 
factor using both methods, subsequent use of the clip method alone should account 
for annual variations (Kowalski et al., 2001, 2009). Utilization of these regression 
equations could then be employed in seagrass monitoring programs (sensu herbert 
and Fourqurean, 2009).
We lack a clear understanding of the physiological responses clipping evokes in 
seagrasses. In some terrestrial plants, clipping has resulted in slower growth rates 
on shoots clipped closer to the basal meristem (Albertson et al., 1953; Cook et al., 
1958; McNaughton et al., 1983; Moreno et al., 1999; paige, 1999). Kowalski et al. 
(2001) clipped H. wrightii at five clip heights using 2 cm intervals and found fastest 
growth rates on the shortest clipped shoots (0–2 cm). how species respond to clip-
ping is variable and the degree of variation has been attributed to differences in life 
history (annual and perennial) (Sharma et al., 1998), sediment and plant nutrient 
status (Moreno et al., 1999; Raillard and Svaboda, 1999), and sexual reproduction dif-
ferences (Mulder and Ruess, 1998). Obviously, the removal of photosynthetic tissue 
places a burden on the stored reserves and nutrients of the clipped plant (dawes and 
Lawrence, 1979; dawes and guiry, 1992; Stapel and hemminga, 1997), or on neigh-
boring shoots to supplement regrowth of lost leaf tissue (Schwarzschild and Zieman, 
2008a,b). This would produce an increase in respiratory costs to the clipped shoot at 
and near the tissues of the basal meristem to re-grow lost tissue (griffin, 1994). Clip-
ping also wounds the plant (Tomasko and dunton, 1995; Kowalski et al., 2001) and 
may allow pressure from the surrounding water column to force salty water into the 
leaf ’s lacunae and generate osmotic stress on the nearby meristematic tissues. This 
maybe true for the pierce method also, but perhaps not the same extent. The bundle 
sheath has been suggested to act as a buffer to reduce osmotic pressure near the basal 
meristem (Tyerman et al., 1984). Kuo and den hartog (2006) state that some seagrass 
species possess septa within the aerenchyma system as a possible barrier to flooding 
of tissue. It is unknown whether S. filiforme possesses such adaptation, as this study 
did not explore leaf growth rates of varying clip heights as was done in Kowalski et 
al. (2001) with H. wrightii. Any of these factors, acting alone, or in concert, are suf-
ficient to explain the slower growth rates associated with leaf-clipping compared to 
the leaf-piercing method.
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We clipped S. filiforme at 2 cm above the sediment as this clip height allowed for a 
sufficient re-growth period and avoided the slowest leaf growth rates associated with 
leaf senescence (sensu Fry, 1983). Fry and Virnstein (1988) clipped S. filiforme “near 
the basal meristem” in the Indian River Lagoon. Although we did not test the effects 
of variable clip height on leaf elongation rates in S. filiforme, it could be that the 2 cm 
clip height is more detrimental than longer clip heights. A study evaluating variable 
clip heights would be useful to determine the optimal height. 
The depressed leaf production, exhibited by clipped S. filiforme in this study ap-
pears to simulate the response of some seagrasses, including S. filiforme, to grazing 
adjacent to coral reef communities by fish and sea urchins (Rose et al., 1999; Ar-
mitage and Fourqurean, 2006; Valentine and duffy, 2006; heck et al., 2008). These 
“grazing halo” areas can be grazed to the point that shoot density and canopy height 
are minimized or are rendered barren (Sweatman and Robertson, 1994; Alevizon, 
2002). The impairment of leaf regrowth caused by clipping and how the clipping 
method may parallel seagrass growth response associated with coral reef communi-
ties deserves consideration. 
We pierced 20–30 S. filiforme leaf shoots during each experiment and generally 
recovered at least 60% of these shoots with pierced leaves intact. The leaves of the ge-
nus Syringodium have been described as “brittle” and “inflexible” (Fry, 1983; Fry and 
Virnstein, 1988; Aioi and pollard, 1993; Cruz-palacios and van Tussenbroek, 2005). 
The resultant hole likely causes mechanical weakness in the leaf and subsequent ten-
dency to detach with loss of leaf material above the mark (Fry, 1983; Aioi and pollard, 
1993; Schwarzschild et al., 2008). If this method is to be used, the number of shoots 
marked should take into account the low recovery rate of marked shoots. 
Variation of clip and pierce method results between LLM sites is likely a result of 
environmental differences. Although Site 103 lies adjacent to the gIWW, it receives 
about 9% less pAR than Site C (6300 vs 7000 mol photons m–2 yr–1). Shoot density at 
Site 103 is less than one-half that of Site C (2235 vs 5128 shoots m–2, respectively) and 
mean leaf length is more than three times greater at Site 103 compared to Site C (133 
vs 39 mm, respectively). greater leaf length at Site 103 suggests that the plants may 
be compensating for the lower light. Shoot density and leaf length of seagrasses have 
been demonstrated to be affected by lower light conditions (Backman and Barilotti, 
1976; Lee and dunton, 1997). It is unknown if there are sediment geochemical dif-
ferences between the sites. These kinds of dynamic physical site differences are com-
monly found in other seagrass studies involving site differences and exert a strong 
influence on biological and ecological plant performance (Koch, 1994, 2001). 
Clipping may be the most practical method under conditions of low visibility or 
when excessive water motion precludes the use of making fine determinations of 
measurement or position on a leaf. The adverse effects of leaf clipping found in this 
study may have been accentuated by clipping an excessively large area that could 
not be supported by neighboring shoots. We harvested four cores near the center 
of the clipped quadrat. The clipped shoots which possessed green tissue could at 
least partially supplement their re-growth through photosynthesis and using stored 
reserves from the rhizome system (dawes and Lawrence, 1979; dawes and guiry, 
1992; Rey and Stephens, 1996; Schwarzschild and Zieman, 2008a). The growth rate 
as determined by clipping may be a function of the size of the clip area and the con-
nections with neighboring ramets. A large clip area with shoot sampling from the 
center of the clipped area may result in lower growth rates due to a reduced neighbor 
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effect. Small clip areas, consisting of a few shoots, may result in higher growth rates 
due to a greater neighbor effect i.e., resource translocation from adjacent unclipped 
shoots (sensu dawes and Lawrence, 1979; dawes and guiry, 1992; Rey and Stephens, 
1996; Stapel and hemminga, 1997; Schwarzschild and Zieman, 2008a). Since ramet 
growth is typically a “group” activity (Schwarzchild and Zieman, 2008a,b), more eco-
logically significant growth rates might be best estimated using small clip areas.
The leaf-clipping protocol does not require good water clarity, can be done by feel, 
using the back of the hand as a guide, and laboratory processing of shoots only in-
volves the measurement of the leaf fraction of the plant. The EL method of Schwar-
zschild et al. (2008) utilizes the youngest emergent S. filiforme leaf on a short shoot 
to assess leaf growth. This protocol also involves clipping leaves, approximately one 
cm from the tip. Leaves with intact tips are measured only if attached to a shoot with 
clipped leaves. Their findings show this new method is comparable to the traditional 
leaf-piercing method (dennison, 1990; Short et al., 1993; Kaldy and dunton, 2000; 
Kowalski et al., 2001) but without inflicting damage to the leaves being measured. 
Caveats associated with the EL method include determination of an appropriate time 
window to harvest marked shoots and potential loss of marked and younger un-
marked leaf tips related to grazing (Schwarzschild et al., 2008). This method is yet 
to be widely used under various water conditions. If the EL method is found to be 
amenable to low visibility, high energy conditions, the accompanying more realistic 
leaf growth rates would be preferable to the leaf-piercing and clipping methods dis-
cussed here. The leaf-clipping method may still be useful when making comparisons 
among sites, or treatments where accurate assessment of leaf production per se is not 
required. 
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